Abstract. In this paper the object of study was to determine the chemical nature of foxing stains in paper. Purpose of the study: Was to deepen the knowledge on the paper with special emphasis on foxing stains, their chemical nature and morphological aspects of foxing stains. Methods used: Are photography under different illuminations and optical microscopy. The presence of fibers disruption was observed with (SEM-EDS), it was used also (ATR-FTIR). Micro X-ray diffraction was used to evaluate the crystalline fillers in the sample. Mass Spectrometry was used for chemical analysis to identify the organic components. Conclusion: Unfoxed and foxed areas of paper samples showed no differences from a morphological point of view. The sample' surface was structurally organized, paper fibers seem to be in good condition, without any visible disturbance. The combination of several non-destructive techniques allowed the characterization of paper composition and the evaluation of morphological aspects.
Analytical Evaluation of Paper Degradation

Introduction
Paper is a complex matrix, being the main components cellulose, hemicellulose and lignin, eventually in significant amounts. It also contains others components such as non-fibrous materials, like fillers, coatings and sizing materials. People had always tried to find out something easier to write on than papyrus or parchment, that at the same time, should be easier and cheaper to make. People used various ways to express through writing in particular palm leaves, whale bone, seal teeth, shells, turtle shell, and more subsequently, silk and bamboo. It was also common to use stone, clay and even tree bark.
Methods and Materials
For this study were used paper samples which were collected from stationary shops in Lisbon, from different manufactures. For a more detailed view, the paper samples were observed by optical microscopy with different magnifications (Table 3) which allowed a better morphological discription of the foxing stains. In the table 3 is presented also the paper sample OB only for the unfoxed areas because foxing stains in the page that is analyzed are not visible to the naked eye but visible under UV radiation. The scanning electron microscopy (SEM) analysis allowed to observe the surfaces of paper samples in the foxed and unfoxed areas at high resolution in the backscattered electron imaging mode and also to determine the main elemental components by EDS analysis. . Scanning electron microscopy micrographs of foxed and unfoxed areas in paper samples P, NB and OB EDS analysis was used to obtain information on the elemental composition of paper samples. Elemental mapping (Fig.3 ) of unfoxed area in paper sample P revealed the presence of silicon (Si), aluminum (Al) and calcium (Ca), the paper is homogenous and elements are not spread. Particles rich in calcium indicate the presence of CaCO3 that can be produced when lime easily reacts with atmospheric carbon dioxide Lime was used during the production of paper for the beating process of rag fibers The presence of aluminum (Al) and silicon (Si) was detected in this sample, suggesting the use of aluminum silicate as filler during the production of paper or more probably resulting from some type of contamination, like dust Figure 6 . Elemental mapping of sample P (unfoxed area) EDS mapping of unfoxed and foxed area ( fig. 4 ) in paper sample NB revealed the presence of silicon (Si), aluminum (Al) and potassium (K), elemental composition inferred that paper contain aluminum silicate as filler with potassium that can be from muscovite. Figure 7 . EDS elemental mapping for the foxed area in paper sample NB ATR-FT-IR analysis is used to identify organic and inorganic constituent of the paper as organic coating and others materials of interest that are present on unfoxed and foxed areas of the paper samples.
Results and Discussion
In figure 5 are presented all the AT-FT-IR spectra of samples P, NB, OB. The spectra are representative of several analyses done in the non-foxed and foxed areas. Figure 8 . Attenuated total reflection Fourier transform infrared spectra of foxed dark stains (blue line) and foxed whitish stains (red line) of paper sample a)P, b) unfoxed (red line) and foxed darker areas (blue line) of paper sample P and unfoxed (red line) and foxed areas (blue line) of paper sample c) NB, d) OB Micro XRD analysis on the paper samples P, NB and OB was carried out in order to evaluate cristalline fillers in the sample. Py-GC/MS is an analytical technique widely used for characterization of paper and in this work it was used to study the different papers and investigate possible differences in the composition of the foxing stains and unfoxed areas. 
Conclusion
The study was done for three paper samples, labeled NB (new book) dating from 1931, OB (old book) dating from 1951 and P (print). The materials used in production of paper and foxing stains, a type of degradation process, were evaluated for this group of investigated samples. Detailed investigation of the composition of each paper sample was done based on a non-invasive approach described in the section of materials and methods. The first part focused on the visual and photographic description of paper samples, with the objective to characterize as much as possible. EDS analyses indicate the presence of different elements such as calcium, aluminum, silicon, potassium, iron, magnesium and phosphorus among others. μ-XRD analysis of paper sample P showed the presence of cellulose. The presence of others minerals, kaolin and muscovite were observed in paper samples NB and OB, muscovite was in larger quantities in paper sample OB. In the paper sample OB, aluminium magnesium hydroxide silicate was also present. Paper samples were analyzed also with Py-GC/MS, this technique is widely used for characterization of paper. Concerning paper sample P, the identified compounds derived mainly from cellulose but also other compounds were present as lignin and hydrocarbons. In the paper sample NB and OB were identified compounds from carbohydrates, lignin, hydrocarbons, protein and resin. The combination of several non-destructive techniques allowed the characterization of paper composition and the evaluation of morphological aspects.
